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Antibody populations are heterogeneous in  a  number of defined  ways; different 
molecules belong to different classes or different allotypes, or they differ by one, two, 
or more charge units. There is also an ill-defined type of heterogeneity, in that different 
antibody  molecules  combine  preferentially  with  different  structures,  i.e.,  they 
have different specificities.  Even purified antibody  populations have this  paratope 
(1) heterogeneity.  It is manifested at  two levels.  First,  different molecules  axe di- 
rected to different determinants or epitopes (1) of the antigen molecule, and second, 
antibodies to one determinant are still heterogeneous with regard to their specificity 
(2, 3). 
There is evidence suggesting  that behind the molecular heterogeneity of the first 
level there is  a  corresponding cellular heterogeneity in  antibody production  (4--7). 
It was shown that some cells contained antibody to one determinant of an antigen, 
and other cells to another. The existence  of cells forming antibody to two or more 
determinants of a molecule was not excluded. Whether there is cellular heterogeneity 
in the production of antibody to a single determinant is not known. 
The  observed cellular  heterogeneity could  be  an  inherent  feature  of  cells, 
but it could also be caused by a  heterogeneous antigen. It is conceivable that 
the antigen is digested before it reaches the cell to be stimulated, and different 
cells receive different epitopes. To minimize the effect of antigenic heterogeneity 
the  present  study  was  limited  to  single  cells  forming  antibody  to  a  small 
molecular weight hapten NIP (see Fig. 1). 
Animals were immunized with the hapten coupled to chicken gamma glob- 
ulin,  and  single  cells were  tested  with  the  same  and  with  a  related  hapten 
coupled  to  bacteriophages.  The  coupling  killed  a  proportion  of  the  phage 
but  the  survivors were  susceptible  to  inactivation  by anti-NIP  sera  (8).  As 
the  carriers of NIP in  the immunogen and  the  test antigen were nonrelated, 
only  anti-NIP  antibodies  were  included  in  the  test.  The  phage  inactivation 
was strongly inhibited  by free hapten  but not  by hapten-free immunogen. 
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Material and Methods 
ttaptens.--Those used were NIP, NNP, and NP as illustrated in Fig. 1. They were prepared 
according to Brownstone et  al.  (9).  NIP  coupled  to chicken gamma globulin was  used  as 
immunogen in all experiments, while NIP, NNP,  and NP conjugates were used for testing 
antisera and cells. 
Animals.--Sprague-Dawley  albino rats  supplied  by a  commercial breeder and  not  sys- 
tematically inbred were used.  Animals were fed mainly on mouse chow and tap water but 
occasionally received beef liver (about once every 3 wk). 
Preparation of Conjugates.--The  NIP-chicken globulin conjugate  (NIP-CG)  used for all 
immunizations contained approximately 10 moles of NIP per mole of protein and was a  gift 
from Dr. N. A. Mitchison. Hapten phage conjugates were prepared as described earlier (8). 
NIP and NNP acid chlorides were prepared by incubating the corresponding acid in purified 
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Fxo. I. Structural  diagram  of  haptens  NIP,  NNP, and NP. 
thionyl chloride. 50 mg of NIP or NNP was mixed with 5 ml of thionyl chloride. The mixture 
was incubated at  78°C  for 20 rain, and thionyl chloride was then removed by evaporating 
at 50°C with a water tap vacuum. 3.3 ml of phage suspension was added, and the mixture was 
incubated at room temperature for 24 hr. Samples were taken at intervals in order to harvest 
phage at the time of optimal coupling. They were diluted with a  10-fold  volume of nutrient 
broth,  dialyzed  against  buffered  saline solution pH  7,  and  tested  with  anti-NIP  chicken 
globulin sera for phage inactivation. The preparations which were  sufficiently sensitive to 
anti-hapten while retaining most of their plaque-forming units (PFU), were filtered through 
sintered glass under sterile conditions and stored at 0°C. Mter 8 months' storage the count 
of plaque-forming units had decreased to 50%. 
Immunizations.--In  every immunization rats received  0.5  mg  of  alum-precipitated  con- 
jugate. Each rat was given two immunizations; the first was given intraperitoneally with 1 
ml of commercial ttaemophilus  pertussis vaccine containing approximately  1.5  X  10  TM  bac- 
teria. The second dose of antigen was given 4-6 wk after the first; it was divided equally be- 
tween the hind foot pads. 
Examination  of Antisera.--Serum samples were taken on the 5th day after the second ira. 
munization. Their inactivation constants (/iT) with NIP-T2, NNP-T2, and NP-T2 phages were o.  ~TA  161 
determined by following the kinetics of the reaction (8). 50% inactivation titers of sera were 
determined as described elsewhere.  1 Approximately 200 PFU of hapten phage was incubated 
in each serum dilution for 5 hr at q-37°C, and the surviving PFU were counted by plating. 
Sucrose Gradient Ultracentrifugation.--The  tests were done as described elsewhere.  1 
Hapten Inhibition.---0.4  ml volumes of a serum dilution which was known to cause 95-99% 
inactivation of NIP-T2 phage in 5 hr were mixed with 0.4 mI of varying concentrations of 
hapten, and 0.4 ml of NIP-T2 phage suspension. All reagents were diluted in nutrient broth. 
The number of PFU used was about 800. The mixtures were incubated at  +37°C for 5 hr; 
then the contents of each tube was mixed with 6 ml of 0.7% melted agar containing E. coli 
B, and plated on large nutrient agar plates (diameter 135 ram). The relative inhibiting powers 
of various haptens were determined by a modification of the method of Pauling, Pressman, and 
Grossberg (10). If the nonreduced plaque count was a, the serum control (no inhibiting hapten) 
was b, and the plaque count in the tube containing serum and hapten was c, then the hapten 
concentration was considered to cause 
(a-b)--(~--c) 
IO0  % 
a--b 
inhibition of phage inactivation. If a  ~- 920,  b  ffi 20, and c  -- 470, the percentage is 50%. 
Examination of Single Cdls.--The  technique described earlier (4)  was used with the fol- 
lowing minor modifications: One popliteal lymph node was removed under  ether anesthesia 
on the 4th and the other on the 5th day after the second injection of antigen. Cell suspensions 
were prepared  in medium containing the following compounds  (g/liter of distilled water): 
Na2HPO4,  0.71; Tris (Sigma Chemical Co., St. Louis, Mo.), 0.6; MgSO4.7H~O,  0.246;  CaC1, 
0.22; NaC1,  7.0;  KCI, 0.45; FeCI~, 0.0001;  and 5% calf serum. The suspension was kept in 
an ice bath, and from it depot droplets were taken for micromanipulation at 60-90 rain in- 
tervals. Single cells were isolated from depot drops with a  micromanipulator. Each cell was 
washed once in clear medium, and was then placed in a microdrop (appro~mately 5 X  10  -6 
ml) of broth containing about 1000 PFU of phages NIP-T2, NNP-T4, and P-22. Phage P-22 
was used as a microdrop volume indicator (11). Micromanipulation was done in an oil cham- 
ber at room temperature. Ceils of approximately plasma cell size were taken. 
Addition of serum was found to decrease the ability of hapten antibody to inactivate the 
coupled phages. As serum-free cell culture medium was not satisfactory for either cells or the 
hapten phage, broth was finally chosen as a substitute for the medium. It probably supported 
very little antibody synthesis inside the microdrops,  but phage counts were fairly stable in 
it, and enough antibody was liberated in some droplets to inactivate all the NIP phage. 
Microdrops were incubated  18-20  hr at  +37°C. They were then collected under a  dissec- 
tion microscope (magnification X  14)  with micropipettes supported  by the free hand,  and 
transferred  to tubes containing 2 ml of broth.  From these tubes aliquots were plated with 
Salmonella typhimurium (for P-22), E. coli B/3, 4 (for NIP-T2), and E. coli B/2 (for NNF-T4), 
The plates were incubated overnight and the number of PFU counted on the following day. 
The batch of NNP-T2 phage used for determining the K  values of Table I  could not be 
used for the single cell studies because  (a)  being moderately coupled it was  not sensitive 
enough  to  anti-NIP  and  (b) in microdrop studies the carriers of NIP and NNP had  to be 
different so that they could be counted separately after incubation. One lot of T4 phage was 
coupled rather heavily with NN'P and used for single cell studies. It was almost as sensitive 
to anti-NIP inactivation as T2-NIP. 
1 Kontiainen, S., and O. Miikel~,  Determination of IgM and IgG components in an anti- 
hapten antibody. To be published. 162  ANTI-HAPTEN  ANTIBODY 
RESULTS 
Serum Da~a.--A serum  sample was  taken from each  of two  rats on  day 5 
after the second antigen injection. The K  values of the sera (AN-7  and AN-8) 
with NIP-T2 phage were about 25,000  (Table I). For reasons given in a  previ- 
ous paper (8) this phage inactivation was considered to be caused by anti-NIP 
antibodies.  These  K  values  were  approximately  10  times  as  high  as  the  K 
TABLE I 
Ckaraderisti~s  of the Sera of Rats AN-7 and AN-8 Which Were Used as Cell Donors 
AN-7  AN-8 
K values with  NIP-T2 
"  "  "  NNP-T2 
"  "  "  NP-T2 
"  "  "  T2 
Maximal proportion of antibody activity in the 
peak sedimenting faster than the main IgG 
peak 
Relative  inhibiting  powers  of  NIP  and  structurally 
21,400 
1,867 
219 
<0.1 
<1% 
related compounds 
NIP 
NNP 
NP 
NIP-~-amino-n-caproic  acid  [] 
Chicken globulin¶ 
1" 
0.oo8§ 
0.0005 
4 
<0.002 
27,400 
2,140 
Not done 
Not done 
<1% 
0.012 
0.000025 
18 
<0.OO7 
* 2 X  10  -~ molar hapten concentration caused 50% inhibition of phage inactivation. 
7 X  10  -s radar hapten concentration caused 50% inhibition of phage inactivation. 
§ g'o 01). 
[I Most conjugated NIP molecules are attached to the ~-amino groups of lysine.  NIP- 
E-amino-n-caproic acid thus resembles the immunogen  and bacteriophage. 
¶  The compound is included in the list as it was the carrier in the immunogen.  For K'0 
its molecular weight was assumed  to be 150,OO0. 
value of a  rabbit serum received from Dr.  N.  A. Mitchison.  The  rabbit was 
immunized  with  NIP-ovalbumin  conjugate,  and  Dr.  Mitchison  found  it  to 
contain  about  190  pg/ml  of  anti-NIP  antibody  (antibody precipitated with 
NIP-bovine  serum  albumin).  This  would  suggest  that  sera  AN-7  and  AN-8 
contained 0.2-2 mg/ml of anti-NIP antibody. 
The  phage-inactivating power  of both  sera was  highly  sensitive  to  inhibi- 
tion  by  free  hapten  (Table  I).  This  suggested  that  their  anti-NIP  mainly 
belonged  to  the  IgG  class?  This  was  confirmed  by  ultracentrifugation  in  a 
sucrose gradient.  In both  sera most  of  the  phage-inactivating power  was  re- o. ~.~L~  163 
covered in the typical IgG area, but there was a faster sedimenting  shoulder 
where  the  bulk  of  the  sheep  cell  hemolysin  activity  (IgM  indicator)  was 
found. This shoulder contained less than  1% of the total phage-inactivating 
power. The sera were not neutralized by the hapten-free carrier chicken glob- 
ulin. 
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FIo. 2. Inactivation of hapten~coupled  phages NIP-T2 and NNP-T4 in microdrops.  Each 
drop contains both phages and a single lymph node cell from a rat immunized with NIP- 
chicken globulin conjugate. Each dot represents a mlcrodrop. The total number of drops is 
376. 
Single  Cell Stud/es.--From  each  of  the  two  rats  one popliteal  node  was 
removed on the 4th  and  the other on the 5th day after the second antigen 
injection. From each node 78-100 cells were studied, the total number of cells 
was 376. The data are presented in Fig. 2. Each dot represents an anti-NIP- 
chicken globulin cell. The lower the location of the dot in the figure the more 
strongly  the  cell  inactivated  the  phage  conjugated  with  the  immunogenic 
hapten  NIP.  The further to the left it is placed  the more strongly it inac- 
tivated  the  phage  conjugated  with  the  related  compound NNP. 164  ANTI-HAPTEN  ANTIBODY 
Most of the cells had little effect on either NIP phage or NNP phage, some 
of  these  inactive  cells were probably forming antibody to  chicken  globulin. 
Approximately 10% of all cells inactivated  one or both of the phages; these 
were considered to be anti-NIP producers. Some of these were strongly posi- 
tive, inactivating up to 2000 PFU each, and the corresponding dots are located 
far from the duster of inactive cells.  Other cells were weakly active and the 
corresponding  dots  are  close  to  the  upper  right-hand  corner  of  the  graph. 
Apart from this radial heterogeneity there is a circular heterogeneity suggesting 
that cells with equal activity form different kinds of anti-NIP. As an extreme 
example of this circular or qualitative heterogeneity two cells from one node 
may be mentioned.  One  of them inactivated  1800  NIP-T2 phages  but only 
210  NNP-T4  phages.  The  other  inactivated  470  NIP-T2  phages  and  1100 
NNP-T4 phages. 
5-day nodes tended to contain more active cells than 4-day nodes but apart 
from this  the four cell populations contributing  to  Fig.  2  (AN-7  and AN-8, 
days 4  and 5)  did not  seem to  differ from each other.  Serum AN-8  was in- 
hibited  more  easily  by  NNP  relative  to  NIP  than  was  AN-7,  and  special 
attention was given to the question of whether a  similar trend was shown by 
single cells.  This was not the case; both rats had extreme cells on both sides 
of the mean  (see also Fig.  3). 
Control Experiments.--These  were  designed  to  answer  two  questions: 
(a)  Can the circular scatter in Fig. 2 be explained on technical grounds, or 
does it prove that the antibody samples formed by single cells are nonrandom 
fractions of the antibody pool which the whole animal was producing? 
(b)  If  the  second  alternative  is  correct,  can  the  cellular heterogeneity be 
caused by varying antigenic stimulation? 
Question (a):  To answer the first question a  reconstruction  experiment was 
carried out in  which  the  normal phage  mixture was  added  to varying dilu- 
tions of sera from rats AN-7  and AN-8, calculated to cause partial inactiva- 
tion of the NIP-T2 and NNP-T4 phages. Microdrops were prepared from these 
mixtures and handled exactly as single cell microdrops. The survival of NIP-T2 
and NNP-T4 phages was counted as in the main experiment. Dependence of 
NIP-T2  survival  on  NNP-T4  survival  was  calculated.  To  make  the  calcu- 
lations  simpler  counts  were  not  corrected for  drop  volume,  and  eight  zero 
counts of NIP-T2 were converted to 1. 
The regression of NIP-T2 counts on NNP-T4 counts was  logl0NIP-T2  = 
0.93552  -b  1.31963  (logl0NNP-T4  --  log3aNNP-T4  where  log3~NNP-T4= 
1.74582.  The 95 and 99 % limits for log NIP-T2 were calculated from the fol- 
lowing formula: 
yo ~: x/~--~-7_  2  n +  1 +  (xo -  e)~ 
S~#g 
where s  ~ =  0.07046, n  =  120, ~ =  mean of logloNNP-T4 =  1.74582. o.  MXKEI~  165 
A  scatter diagram of the values is given in Fig. 3. The black dots represent 
the  droplets  containing  serum  of  either  rat  AN-7  or AN-8.  There  were  six 
groups  of drops  as  dilutions  1/800,  1/1600,  1/3200  of both  sera  were  used. 
The  increasing  serum  concentrations  resulted  in  three  groups  of black  dots 
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FIG. 3. NIP-T2 and NNP-T4 survivors  in microdrop  each containing  each phage  and 
known concentrations of anti-NIP rat serum (dots) or a lymph node cell from anti-NIP rat 
AN-7 (circles) or AN-8 (squares). Actual survivor counts in the aliquots plated for each phage 
are given. The straight  oblique line indicates the mean NIP-T2 survivors in serum droplets 
giving the corresponding NNP-T4 survivors.  The faint slightly curved lines give the 95% 
and broken lines the 99% limits of the above values. 
with decreasing counts for both NIP-T2 and NNP-T4,  but dots of both rats 
completely intermingle.  Five out of 120 counts exceeded  the  95 %  limits  and 
one the 99 % limits, which was close to expectation. 
Single  cell  droplets  whose  plaque  counts  were  reduced  had  a  much  wider 
scatter.  All those  (26)  whose plaque  count  (either  NIP-T2 or NNP-T4)  was 
reduced  to 30%  of the  expected value  or less are plotted  in Fig.  3  as circles 
or squares. Almost half (10) of them are outside the 95 % limits and six (23 %) 
are outside the 99%  limits.  Thus the wide scatter of NIP-T2/NNP-T4  ratios 166  ANTI-HAPTEN  ANTIBODY 
in single cell droplets cannot be explained by technical variation--it shows that 
different cells were producing different kinds of anti-NIP. 
O  u~lion (b): One way of explaining the above data on the basis of hetero- 
geneous immunization is illustrated in Fig. 4. It assumes that the immunogen, 
NIP-CG,  is  digested  into  different  NIP-containing  pieces.  Some  cells  are 
induced by a  piece NIP-A, others by a  piece NIP-B, etc. In phage T2, NIP 
NIP-CG 
/RAT  ~'~ 
l  NIP 
N/~  I  -a'a -'ys'va"  ""~  ~,~ 
4  ¢  I  NIP 
MICRODROPS 
FIG. 4. A conjectural, and  probably insufficient, explanation of the  observed cellular 
heterogeneity in the production of anti-NIP. Amino acids ala, val, tyr, leu, are hypothetical. 
The assumption is that cell 1 inactivates NIP-T2 exceptionally strongly because it was in- 
duced by a NIP-A fragment of NIP-CG (NIP-chicken globulin), many of which occur in 
NIP-T2. Cell 2 inactivates NNP-T4 exceptionally  strongly because it was induced by a NIP-B 
fragment, many of which occur in NNP-T4. 
tends to couple with A-like structures while in "£4, NNP tends to couple with 
B-like  structures.  The  data  cannot  be  explained  by  assuming  that  in  some 
microdrops NIP-T2 phages by accident happened  to have many A-like con- 
jugates  and  NN'P  phages  many  B-like  conjugates  as  the  total  number  of 
PFU was large enough  (>3000  per droplet)  to exclude considerable random 
drift. The hypothesis of Fig.  4  must assume that the site on "£2 with which 
NIP  couples most  readily  is  different  from  the  site  on  the  closely  related 
phage "£4 with which  NNP  couples most readily. 
To test this assumption two experiments were made. In the first a  mixture 
of T2  and  T4 phages was coupled  to NIP,  and  the  inactivation  kinetics  of o.  ~3a~L;~  167 
NIP-T2  and NIP-T4  by an  anti-NIP-chicken globulin serum were followed. 
Had NIP  conjugated onto A-like structures in T2  but onto B-like structures 
in T4,  the kinetics of inactivation by anti-NIP might have been slightly dif- 
ferent for the two phages. As Fig. 5  shows this was not the case. 
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FIG. 5.  Inactivation kinetics at 37°C of phages NIP-T2 or NIP-T4 by anti-NIP (AN-8). 
The phages were mixed before they were coupled. 
TABLE II 
Mean  Phage Inactivation  (50%)  Titers  of Two Anti-NIP-T2 Sera and  Two Anti-NNP-T4 
Sera with Hapton-Coupled 1"2 or Hapten-Coupled T4 Phages 
Anti-(NIP-T2) sera 
Anti-(NNP-T4) sera 
Test antigen, hspten-coupled 
T2 
3200  X/+  1.34" 
5400  X/+  1.38 
T4 
8100  X/+  1.53 
5600  X/+  1.34 
Antic.artier antibodies were removed from the sera before the test with the aid of UV- 
inactivated native phage. 
All four combinations of T2, T4, NIP, and NNP were used in tests of each serum.  The 
nature of the coupled hapten is disregarded as the aim was to see whether the sera still had 
some phage specificity. No such phage specificity  is apparent. 
* The  coeeacient  of  variation (equivalent to  sign  X/+)  is analogous,  for log-normal 
distribution, to the standard error. 
For the other experiment NIP-T2  and NNP-T4  were used as immunogens 
in rats. Antiphage antibodies were removed from the sera by absorption with 
UV-inactivated T2 or T4. The absorbed sera did not inactivate native phages 
but  did inactivate hapten-coupled phages.  Inactivation of NIP-T2,  NIP-T4, 
NNP-T2,  and NNP-T4  by these sera was measured to see whether they had 
carrier specificity. It was thought that anti-NIP stimulated by NIP-T2 might 168  ANTI-IIAPTEN ANTIBODY 
inactivate  more  T2  phages,  whether  coupled with NIP  or  NNP,  than  T4 
coupled with either hapten.  (It did inactivate more NIP phages  than NNP 
phages as expected.)  From Table II one can see  that this anti-NIP did not 
discriminate between T2  and T4.  Absorbed  anti-NNP-T4  sera did not have 
any carrier  specificity either.  The  data  thus  do not  support  the hypothesis 
of Fig. 4  explaining the cellular heterogeneity on the basis of heterogeneous 
immunization. They further  suggest  that  the  nature  of  the  hapten  carrier, 
whether T2 or T4, is immaterial in the present assay for anti-NIP or anti-NNP. 
DISCUSSION 
In  the experiments described above single lymph node cells  from rats im- 
munized with  a  hapten-protein  conjugate  were  tested  with antigens having 
the same hapten NIP or a closely related compound NNP (Fig. 1) conjugated 
to a new unrelated protein (phages T2 or T4). Therefore only cells containing 
anti-NIP, and not cells containing anticarrier, were positive. 
The  control  experiments reported  suggest that  whether  the  phage  carrier 
was T2  or T4 was immaterial in the assay.  (The function of the two phages 
was to allow separate counting of NIP carriers and NNP carriers.) While most 
cells did not affect either phage count, some of them inactivated up to 2000 
PFU.  Inactivation of  the  two  kinds  of phages  was  nonrandom;  some  cells 
inactivated  1500 NIP  phages but very few NNP  phages,  while others inac- 
activated slightly more NNP  phages than NIP  phages.  Control experiments 
excluded  the  possibility  that  this  scatter  was  due  to  technical  variability. 
It was concluded that the cells inactivated hapten phages by means of anti- 
body which they had produced rather than by means of absorbed antibody be- 
cause (a) each cell was individually washed before introducing it into a micro- 
drop;  (b)  the  selection for plasma  cells  was  done  as in  earlier experiments. 
In  the earlier experiments there were proper controls for  absorbed antibody, 
and the proportion of the antibody producers  was roughly the same as in the 
present  experiment  (4).  (c)  The  strongest  argument  against  absorption  is 
the  aberrant  quality of the  anti-NIP  in  some microdrops. 
The  results  suggest  that  the  product  of some  cells  sharply discriminated 
between NIP and the heterologous hapten NNP  while the product of others 
could not distinguish these closely related compounds. 
There  are  two plausible  reasons for  the  observed  cellular heterogeneity-- 
a heterogeneous antigenic stimulus or an a priori heterogeneous cell population. 
A third possibility, a heterogeneous response of a homogenous cell population 
to a  homogenous antigen appears less likely than the above  two. A hapten- 
protein conjugate can perhaps provide a heterogeneous antigenic stimulation, 
e.g., by being digested into several immunogenic pieces.  It is conceivable that 
different cells  of the rats were stimulated by different NIP-containing pieces 
of the NIP-chicken globulin. But this can hardly explain the observed cellular 
heterogeneity as  the  control  experiments  suggest  that  the  heterogeneity of o.  M~KEL~  169 
specificifies was connected with the nature of the hapten rather than the struc- 
ture of the carrier. Even if few hapten molecules had undergone a  chemical 
change either during the coupling onto anti-chicken globulin or in the body 
of the rats, this could not explain the cellular heterogeneity as the number of 
aberrant cells was rather high (11/26). As NIP is a stable synthetic molecule, 
chemical changes are not likely to happen in many molecules. Chromatographic 
analysis demonstrated that NIP-azide which was used for preparation of the 
immunogen had less than 10 %  of impurities. 
The data suggest that one reason for the observed heterogeneity of purified 
anti-hapten serum antibodies is that the cells producing antibody are basically 
heterogeneous.  The  results  do  not  prove  that  each  cell  produces  only one 
strict specificity although they make this possibility more likely. 
The  observed  cellular  heterogeneity  was  probably  not  caused  by  class 
heterogeneity as 99%  of the  anti-NIP  activity produced by the  animals at 
the  time the cells  were tested was due to  IgG antibodies. 
Although some cells  inactivated more NNP  phages than NIP phages this 
does not necessarily mean that they were producing "heteroclitic" antibody 
(12) with a higher affinity for NNP than NIP. The antibody sensitivity of the 
hapten-coupled phages varies according to the degree of coupling. To make the 
NNP phage sufficiently sensitive to anti-NIP antibodies it was coupled more 
heavily than the NIP phage. Hapten inhibition studies may give a true idea of 
the relative aff~ties of the two haptens, but such studies could not be done 
at the single cell level. However, NIP  could inhibit the serum antibodies of 
these  animals about a  hundred times more efficiently than NNP  (Table  I). 
SU~,Y 
Single lymph node cells from rats immunized with a  conjugate of 3-iodo-4- 
hydroxy-5-nitrophenyl acetic acid chloride  (NIP)  and chicken globulin were 
tested  against either NIP  or NNP  conjugated with bacteriophage.  NN-P  is 
related to NIP but has a nitro group instead of iodine. The conjugated phages 
were still infective but easily inactivated by anfi-hapten sera at a serum con- 
centration  of  10  -7.  Phages  carrying a  related hapten  were  less  sensitive  to 
antibody than phages conjugated with  the immunogenic hapten. 
When NIP-T2 and NNP-T4 conjugates were incubated in microdrops con- 
tsinlng a single lymph node cell from an anti-Nip animal, strong inactivation 
of either or both phages occurred in some cases.  For the reasons given in the 
text this inactivation was considered to be due to anti-Nip antibody produced 
by the  cell in  the microdrop. 
Inactivation of the two kinds of phages by the anti-NIP  cells  was highly 
nonrandom; some cells inactivated almost all of the 1700 or so NIP-T2 phages 
in the drop but left almost all NNP-T4 phages viable. Others had a very strong 
cross-reaction and inactivated equal proportions (up to 75 %) of both phages. 
The remaining active cells exhibited an intermediate degree of cross-reaction. 170  ANTI-1KAPTEN ANTIBODY 
Control experiments indicated that there was a  true cellular heterogeneity 
in the specificity of the anti-NIP produced by different cells.  They suggested 
that  the  observed heterogeneity of specificities was  limited  to  the  structure 
of the hapten and was not influenced by the structure  of the carrier. As all 
the cells studied were induced by a single hapten, the observed cellular hetero- 
geneity was probably not caused by a  heterogeneous antigen.  It seems more 
likely  that  latent  heterogeneity was  present  in  the  cells  before  they  were 
stimulated  by  the  NIP  hapten. 
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